Elucidation of the role of Arg 110 of murine leukemia virus reverse transcriptase in the catalytic mechanism: biochemical characterization of its mutant enzymes.
Based on the projected three-dimensional equivalence of conserved amino acids in the catalytic domains of DNA polymerases, we propose Arg 110 of MuLV RT to be an important participant in the catalytic mechanism of MuLV RT. In order to obtain evidence to support this proposition and to assess the functional importance of Arg 110, we carried out site directed mutagenesis of Arg 110 and replaced it with Lys, Ala, and Glu. The mutant enzymes were characterized with respect to their kinetic parameters, ability to bind template-primers, and the mode of DNA synthesis. All the three substitutions at 110 position resulted in severe loss of polymerase activity without any significant effect on the RNase H function. In spite of an approximately 1000-fold reduction in kcat of polymerase activity with three mutant enzymes, no significant reduction in the affinities for either template-primer or dNTP substrates was apparent. Mutant enzymes also did not exhibit significant sulfur elemental effect, implying that the chemical step, i.e., phosphodiester bond formation, was not defective. Examination of the mode of DNA synthesis by the mutant enzymes indicated a shift from processive to the distributive mode of synthesis. The mutants of R110 also displayed significant loss of pyrophosphorolysis activity. Furthermore, the time course of primer extension with mutant enzymes indicated severe reduction in the rates of addition of the first nucleotide and even further reduction in the addition of the second nucleotide. These results suggest that the rate limiting step for the mutant enzymes may be before and after the phosphodiester bond formation. Based on these results, we propose that Arg 110 of MuLV RT participates in the conformational change steps prior to and after the chemical step of polymerase reaction.